The accumulation of y-aminobutyric acid (GABA) under anaerobic conditions was observed in plants,1~5 chlorella,6) and mammallian brain tissue.7) Alanine was also reported to accumulate in plants under such conditions. Streeter and Thompson5*studied the accumulation of y-aminobutyric acid and alanine in radish leaves (Raphanus sativus L.) and clarified the mechanismresponsible for the accumulation using 14C-glutamic acid. GABAwas reported to induce a fall in blood pressure by Stanton.8) He found the dose of GABAthat induced a 20%fall in blood pressure in dogs (l l /ig/kg), rabbits (19//g/kg), guinea pigs (174 /xg/kg), and cats (96. 13 mg/kg). Therefore, it is important to study this accumulation in tea leaves to produce tea having hypotensive effects.
MATERIALS AND METHODS
Materials. Tea shoots (Camellia sinensis cv. Yabukita), a bud and three leaves, were plucked on May8th.
Leaf incubation. Thirty shoots (about 5 g) were placed in a 500 ml flask, tightly connected with a glass tube through a gum stopper, and oxygen-free nitrogen gas was circulated vigorously for the first min, thereafter at 30~50 ml/min.
For aerobic incubation, another thirty shoots were treated in the same way as for the anaerobic conditions except for the nitrogen gas circulation. All aerobic and anaerobic incubations were done in the dark at 25°C. 15N-Glutamicacid feeding experiment. Ten shoots were placed in a test tube with a solution of 50 mM15N-glutamic acid previously adjusted to a pH of6.0 with 0.1 m NaOH. After 6hr, the shoots were placed in a flask and nitrogen gas was circulated as described above. Similar shoots were also aerobically incubated.
Measurement ofamino acids. The incubated shoots were steamed for 1min and homogenized with water by a homogenizer (Biotron BT 10S). The homogenate was then centrifuged at 10,000xg for 10min and the residue was twice washed with water. After the combined supernatant was concentrated and dried by a rotary evaporator, the remaining material was dissolved in 10ml of 0.2 m citrate buffer (pH 2.4). This solution was centrifuged at 10,000 x g for 10minand amino acids were analyzed by an amino acid analyzer (JEOL, 6AH) by the method of Takeo.9) The content of amino acids in tea shoots supplied with 15N-glutamic acid was measured by the method of Lindroth10) with a glight modification.
The sample was Present address: *National Food Research Institute, Tsukuba, Ibaraki 305, Japan; **National Institute of AgroEnvironmental Sciences, Tsukuba, Ibaraki 305, Japan. steamed for 1 min and pulverized after freeze-drying. This sample (lOOmg) was placed in a 100ml volumetric flask and extracted with water at 100°C for 5min. Then the flask was left at room temperature for 1 hr with occasional stirring. After this, the extracts were filtered by a 0.45 /im filter, 100jA of the solution was pipetted into a test tube, and o-phthalaldehyde derivatives of amino acids (OPTamino acids) were synthesized with 200fi\ of ophthalaldehyde reagent, containing 246mg of ophthalaldehyde and 0.5 ml of 2-mercaptoethanol in 10 ml of 0.2m borate buffer (pH 10.0). Ten microliters of this mixture was directly injected into a HPLCapparatus with a Fine SIL C18 column (4.6x250mm) and OPT-amino acids were eluted with a linear concentration gradient of 5% to 40% ethanol in 5mMpotassium phosphate buffer (pH 6.0) for 64min with a flow rate at l.Oml/min. The eluted OPT-amino acids were detected by a spectrofluorometric detector (FP 110, JASCO) with the excitation and emission wavelengths set to 370nm and 440nm,respectively. The amounts of amino acids were calculated from each peak area of the chromatogram compared to that ofa corresponding amino acid standard.
Measurement of the atom% of15N in amino acids. Amino acids in the steamed and freeze-dried tea shoots (500 mg) were extracted with hot water as described above and catechins and caffeine were removed with an equal volumeof ethyl acetate and chloroform three times each. After concentration to about 5 ml by a rotary evaporator, the solution was put on a Dowex 50W(H+-form) column and washed with 3 column volumes of water. The retained amino acids were eluted from the columnwith 5 column volumes of 3 n NH4OH, concentrated to dryness by a rotary evaporator, and dissolved in 400/il of water.
The solution (lOO/il) was mixed with 100/xl of ophthalaldehyde reagent and injected into an HPLC apparatus with a Fine SIL C18 column (10 x250mm). The OPT-amino acids were eluted as mentioned above. To prevent contamination by nitrogen from the solvent, a Dowex 50W column (4.6 x250mm) was attached to the flow line of HPLC(front of sample injector). The eluted OPT-aminoacids were collected directly in discharge tubes for 15N measurement and after evaporating the ethanol in vacuo, the samples in the tubes were freeze-dried. Then the 15N abundance of the nitrogen gas in the discharge tube was measured by an optical emission spectrographic technique using a JASCONIA-1 15N-analyzer as reported by Kumazawa.n )
Extraction ofenzymesfrom tea leaves. About 5 g of tea leaves and 2.5 g of polyvinylpyrrolidone (Polyclar AT) were homogenized with 25 ml of 50mMpotassium phosphate buffer (pH 7.0) containing 1 %sodium isoascorbate by a Homogenizer (Biotron BT 10S), and centrifuged for 30min at 10000 x g. The supernatants were used as crude enzymesolutions. All of the procedure was done below 4°C.
Measurement of enzyme activity. The activity of glutamic acid decarboxylase was assayed colorimetrically by measuring the formation of GABA from glutamic acid, using the method of Kitaoka.12) The reaction mixture consisted of 100/il of 0.2m potassium phosphate buffer (pH 6.0), lOO/il of enzyme solution and lOOyul of water. The reaction was carried out at 37°C for 30min and was ended by placing the mixture in ice water after adding 0.2m borate buffer (pH 10.0). Then 6% phenol solution was added to the reaction mixture with cooling in ice water and 400fA of sodium hypochloride (available chlorine, 10%) was added with shaking. This mixture was placed in a boiling water bath for lOmin, then immediately cooled by immersion in ice water for 5min.
The intensity of the blue green color of the mixture after adding 2ml of 60% ethanol was measured by the absorbance at 645 nm. One unit of enzyme activity was defined as the amount of enzyme which catalyzed the formation of 1 nmol of GABAper min under these assay conditions. The activities of the amino acids transaminases were measured by HPLC. Glutamic acid formed by the enzymes was derivatized with o-phthalaldehyde, and OPTglutamic acid was analyzed by HPLCas mentioned above. Thereaction mixture for aspartate: a-ketoglutarate transaminase (GOT) consisted of0.2 ml of0.2 m aspartate, 0.2 ml of 50 mMa-ketoglutarate, and 0.2 ml of0.2 m tricine-KOH buffer (pH 8.0). The reaction mixture for alanine: aketoglutarate transaminase (GPT) consisted of 0.2 ml of 0.2m alanine, 0.1 ml of 50mMa-ketoglutarate, and 0.2m tricine-KOH buffer (pH 7.5). The reaction mixture for GABA:a-ketoglutarate transaminase consisted of 0.2 ml of0.2 m GABA, 0.2ml of50mM a-ketoglutarate, and 0.2 m tricine-KOH buffer (pH 9.0). After adding 0.1ml of enzymesolution, the reaction was done at 37°C for 10min (for GOT and GPT) or 30min (for GABAtransaminase), and was ended by adding 50fA of0.1 mMaminoxyacetate. The reaction mixture for glutamine synthetase consisted of 0.2ml of 0.2m potassium phosphate buffer or tricine-KOH buffer, 0.2ml of 50mMglutamic acid, 0.1 ml of 100mM MgCl2, 0.2ml of 0.2m (NH4)2SO4, 0.2ml of 25mMATP, and 0.4ml of crude enzyme solution. The reaction was done for 20min at 37°C, and glutamine formed by the enzyme was measured by HPLCafter it was derivatized with e>-phthalaldehyde.
The reaction mixture for glutamate dehydrogenase (GDH) consisted of 0.2ml of 0.2m potassium phosphate buffer or tricine-KOH buffer, 50^1 of 0.2 m aketoglutarate, 0.2ml of 0.2m (NH4)2SO4, 0.1 ml of 2mM NADH, and 0.2 ml of crude enzyme solution. The reaction was done for 10min at 37°C and glutamic acid formed by the enzyme was measured by HPLCas mentioned above.
RESULTS AND DISCUSSION
Changes in amino acid contents during aerobic or anaerobic incubation of tea leaves Changesin the contents of amino acids were analyzed in leaves incubated aerobically or anaerobically for various periods up to 6hr (Fig. 1) . The aspartate content increased during the first 3hr of aerobic incubation and thereafter decreased. The glutamate content gradually increased during aerobic incubation. In contrast, the contents ofalanine and GABA slightly declined during aerobic incubation. Approximately 95% of the 15N in glutamate and 90%of the 15Nin aspartate dissappeared in the first 3 hr of incubation. On the contrary, the amounts of 15N incorporated in alanine and GABAincreased markedly during anaerobic incubation of tea leaves up to 6hr. The atom%of 15N in amino acids in tea leaves fed with 50 mMglutamate for 6 hr (marked as Ohr in Table II) , except glutamate, were in the order of aspartate > alanine > glutamine > serine > asparagine. Therefore, the transamination of glutamate to aspartate seemed to be more active than those of other amino acids, and the amidation of glutamate was more active than that of aspartate. During anaerobic incubation, the atom% of 15N in alanine increased to 18.87% after 6hr of incubation. This value was higher than that of aspartate. Therefore, the source of Nin the increased alanine may be glutamate. Since the content of GABA in the leaves incubated aerobically was low, the atom% of 15N in it could not be measured. Thompson5} also found that GABAin radish leaves incubated in anaerobic conditions was formed mainly from glutamate, by using 14C-glutamate and 14C-succinate. We found that the N of GABA was also derived from glutamate.
Changes in the activities ofenzymes related to glutamate metabolism It has been speculated that the effects of anaerobiosis of amino acids are the results of loss of intracellular compartmentation16 '17) and lowering of protoplasmic pH.6) Therefore, the optimum pHs of the enzymes related to Fig.  2 , GOT, GPT, GABA:aketoglutarate transaminase, GDH, glutamine synthetase, and glutamate decarboxylase had thepH optima at 8.5, 7.5, 9.0, 8.0, 6.5, and 5.8, respectively.
Glutamate decarboxylase had the lowest optimum pH, and GABA:aketoglutarate transaminase had the highest. GPT had the most acidic optimum pH among the amino acid transaminases measured in this experiment.
The activities of tea leaf amino acid transaminases at pH 6.0 (the pH of tissue extract) and 8.5, are shown in Table III . At both pHs, GOTand GPTshowed higher activity. Since the activities of other amino acids transaminases were lower than 10%of the activity of GOT, it seemed that GOTand GPTwere the predominant transaminases in tea leaves. Changes in the activities of enzymes related to glutamate metabolism in tea leaves during aerobic and anaerobic incubation are shown in Table   IV . The enzyme was purified 52.4-fold from the crude extract. The effects of the pyridoxal phosphate concentration on the activity of glutamate decarboxylase is shown in Fig. 4 . thiol agents such as mercaptoethanol, dithiothreitol, and cysteine and by p-chloromercuric benzoate, a sulfur-binding reagent (Table   V) . Semicarbazide, a carbonyl reagent, and aminoxyacetate, a potent inhibitor of pyridoxal phosphate containing enzymes, also greatly inhibited the activity of the enzyme.
Metal ions did not activate the glutamate decarboxylase in tea leaves. This enzymereacted with L-glutamic acid, but not D-glutamic acid or other amino acids.
Wespeculated that this enzyme was important in the accumulation of GABA in tea leaves under anaerobic conditions.
